Health systems globally face increasing morbidity and mortality from chronic disease, yet many -especially in low-and middle-income countries-lack strong primary care. We analyze China's efforts to promote primary care management for insured rural Chinese with chronic disease, analyzing unique panel data for over 70,000 rural Chinese 2011-2015. Our study design uses variation in management intensity generated by administrative and geographic boundariesregression analyses based on 14 pairs of villages within two kilometers of each other but managed by different townships. Utilizing this plausibly exogenous variation, we find that patients residing in a village within a township with more intensive primary care management, compared to neighbors with less intensive management, had more primary care visits, fewer specialist visits, fewer hospital admissions, and lower inpatient spending. No such effects are evident in a placebo treatment year. Exploring the mechanism, we find that patients with more intensive primary care management exhibited better drug adherence as measured by filled prescriptions. A back-of-the-envelope estimate of welfare suggests that the resource savings from avoided inpatient admissions substantially outweigh the costs of the program.
Introduction
Primary care-effective, affordable medical care in a convenient local community clinic-has often been held up as vital for health systems globally to cope with the challenge of growing incidence and prevalence of non-communicable chronic diseases (NCDs) such as cardiovascular diseases and diabetes. Globally, NCDs account for about two-thirds of deaths and an increasing burden of morbidity that reduces productivity, increases medical spending, and shortens lives (Bloom et al. 2012 ). The importance of primary care once again received global attention at the October 2018 Global Conference on Primary Health Care, which issued a declaration commemorating the 40th anniversary of the famous Alma Ata declaration.
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Yet many health systems-especially in low-and middle-income countries-lack strong primary care systems for managing patients with NCDs, contributing to loss of productivity, premature mortality, and growing medical spending that may undercut the sustainability of universal health coverage. This paper examines a national program in China that financially encourages physicians to manage patients with NCDs.
Through the lens of Tongxiang county and its mostly rural residents, we analyze whether the program is effective in improving health outcomes for such low-and middle-income populations.
China provides an important case study, as a large and rapidly developing middle-income country once famous for its "barefoot doctors" lauded in the Alma Ata declaration, but now with a hospital-based service delivery system for its aging population. Managing chronic disease is of increasing importance given China's rapidly aging population and the widespread under-diagnosis and poor management of prevalent conditions such as hypertension (Yang et al. 2008 , Lu et al. 2017 . High blood pressure was the leading preventable risk factor for premature mortality in China already in 2005 (He et al. 2009 ). According to a study of 1.7 million Chinese aged 35-75, compared to urban results, rural residents had slightly higher prevalence of hypertension (46.1%) and significantly lower awareness (43.8%), treatment (28.2%), and control (6.1%) in 2014-2017 (Lu et al. 2017 ).
2 China is also home to about one-quarter of the world's population with diabetes, with prevalence increasing with age and urbanization, and half or more undiagnosed ). Among those aware of their conditions, control of blood pressure and blood sugar is still far from optimal (e.g. less than 40% of patients treated for diabetes had adequate glycemic control; Xu et al. 2013 ), 1 See http://www.who.int/primary-health/conference-phc, Kumar (2018) and Lancet (2018) . Policymakers from around the world committed to support primary health care providing "a comprehensive range of services and care, including but not limited to vaccination; screenings; prevention, control and management of noncommunicable and communicable diseases; . . . . [that will] be accessible, equitable, safe, of high quality, comprehensive, efficient". . . https://www.who.int/docs/default-source/primaryhealth/declaration/gcphc-declaration.pdf [accessed 26 October 2018]. Other national and international organizations focus on improving primary as a foundational component of well-functioning health systems. For example, the Primary Health Care Performance Initiative (https://improvingphc.org/) is a partnership between the Bill & Melinda Gates Foundation, World Bank Group, and World Health Organization, with technical partners Ariadne Labs and Results for Development. 2 Another study of nationally representative biomarker data found that 41% of men and 45% of women aged 45 and above in China in 2010-11 have hypertension, but a large minority of them-43% of hypertensive men and 41% of hypertensive women-were not diagnosed and thus unaware of the condition (Lei et al. 2014 ).
and spending on care for hypertension and diabetes represents a substantial burden for rural households despite basic health coverage (Liu et al. 2016 ). All of these factors underscore the importance of improving primary care for chronic disease management in China.
However, primary care use in China has decreased relative to hospital-based care since 2009 national health reforms despite policymaker rhetorical embrace of primary care and recent moves toward implementing a universal "family doctor system."
3 Patients' skepticism of primary care in China is warranted; most of the quality resources in medical care, both human capital and modern diagnostic and therapeutic technologies, have been concentrated in China's hospitals, which traditionally operate large outpatient departments. Both patients and providers frequently perceive hospital-based care to be of higher quality ).
Such a pattern is far from unique to China. Hospital-based delivery systems dominate East Asia, with
China's higher per capita income neighbors of Japan and South Korea also struggling to reduce dependence on hospital-based care and to develop systems of primary care to manage chronic disease for their aging populations.
The disparities in quality between primary care and hospital care are especially stark in rural areas.
Under-diagnosis of hypertension and diabetes is higher in rural areas (Lei et there is heterogeneity in physician competence, rural patients have difficulty perceiving quality differences (Fe et al. 2017 ) and may not respond to them. Poor control and management of NCDs contributes to the wide gap in mortality rates between urban and rural China. For example, although there is greater prevalence of diabetes in urban areas, diabetes is associated with greater excess mortality in rural China (Bragg et al. 2017 ). The questionable quality of primary care may be one reason why China's decades-long rhetorical embrace of primary care has shied away from any imposition of gatekeeping or mandatory referrals, but rather allowed patients freely to self-refer to higher-level of providers according to ability and willingness to pay. China's universal health coverage system through local monopoly social health insurance does generally provide higher reimbursement rates and low copayment requirements for primary care, but the continued crowding at hospital outpatient departments reveals patients' ongoing skepticism that primary care is an 3 Wu and Lam (2016) and Qingyue Meng (2018) keynote address at primary care conference, Stanford Center at Peking University, June 2018. As one metric, nationally as utilization has increased, the percentage of healthcare visits at the primary care level has fallen from over 63% in 2005 to less than 55% by 2017 (Statistical yearbooks, various years; http://www.nhfpc.gov.cn/guihuaxxs/s10743/201806/44e3cdfe11fa4c7f928c879d435b6a18.shtml ).
4 Lei et al. (2014, p.71) show that a rural hukou is associated with a higher rate of under-diagnosis of hypertension, controlling for other factors. Xu et al. (2013) document that overall awareness, treatment, and control rates are all lower among rural residents than among urban residents with diabetes.
3 adequate substitute for hospital-based physician expertise.
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In light of this important and challenging context of primary care services in China, we analyze the effectiveness of a program promoting primary care management for insured rural Chinese with chronic disease since 2009, which financially rewards grassroots physicians in managing local residents with chronic diseases. Assembling a unique dataset linking administrative and health data between 2011 and 2015 at the individual level for over 70,000 rural Chinese diagnosed with hypertension or diabetes, we utilize variation in management intensity generated by administrative and geographic boundaries to study program effects.
We focus on villages that are within two kilometers of each other, but have primary care services managed by different townships. The 14 pairs of boundary villages are balanced across observable population characteristics such as age, gender, and educational attainment, and their residents enjoy identical insurance coverage and hospital access; but they differ in intensity of primary care management (partially explained by the pre-existing stock of primary care physicians in the township).
Utilizing this plausibly exogenous variation, we find that patients residing in a village within a township with more intensive primary care management, compared to neighbors with less intensive management, had more primary care visits, fewer specialist visits, fewer hospital admissions, and lower inpatient spending in 2015. No such effects are evident in the placebo treatment year 2011 immediately after the luanch of the program. Results are robust to examining differences in health outcomes since initiation of the program, and a "leave-1-out" measure of township management intensity to mitigate any concern that unobserved differences in health demand of adjacent villages may explain the differences in management.
Exploring the mechanism for reduced specialist and hospital utilization, we find that patients with more intensive primary care management exhibited better drug adherence as measured by medication-in-possession (e.g., the number of days in which the patient had a filled anti-hypertensive prescription in 2015). This finding is important, given substantial evidence that drug adherence is crucial for preventing complications from chronic conditions such as hypertension and diabetes and narrowing disparities in health outcomes (Simeonova 2013, Conn et al. 2016 ). Overall our results suggest that primary care chronic-disease management in rural China can improve drug adherence, reduce health spending and improve health outcomes as measured by fewer hospitalizations. A back-of-the-envelope estimate of welfare implies that the resource savings from avoided inpatient admissions substantially outweigh the public subsidy costs of the program, even if we ignore the value of any associated improvements in quality of life and survival.
Our study contributes to two strands of health economics literature. First, primary care has been the focus of much health economics research (see Gravelle (1999) Accordingly, the second strand of health economics literature to which we contribute is the rigorious study of health system development in low-and middle-income countries (LMIC). 6 Many such systems are plagued with weak primary care systems, including challenges in recruiting and retaining skilled providers (Mills 2014 
be applied more broadly to identify the impact of health policies with clearly defined boundaries and natural heterogeneity in implementation caused by plausibly exogenous factors (see MacDonald et al. 2016 .)
The intervention we study represents a distinctive supply-side approach to increasing primary care utilization in LMIC countries. Many studies focus on giving incentives to patients to use primary care such as commitment devices for seeking primary care and cash incentives (Bai et al. 2017). As far as we are aware, ours is the first study to document reduction in overall spending from a supply-side intervention to induce physicians to persuade patients to use primary care. This approach is related to the literature on financial and reputational incentives for motivating public workers and administrators to improve human capital in administrators can spur innovation-i.e., effort and inputs along relevant margins not dictated directly by the incentives-in the context of rural China. They focus on school administrators and incentives to improve the health of school-age children (primarily to reduce iron-deficiency anemia through supplementation at school and/or persuading parents to change nutrition provided at home). They demonstrate that incentives to Chinese rural administrators can enhance health outcomes. Since school and health sector workers face similar civil servant evaluation systems administered by local governments, their evidence is also relevant for our context. We find that budget funds earmarked for NCD management paid to townships are passed along to front-line workers in ways that lead to improvement in outcomes for individuals managed at the clinics overseen by that township. Both their study and ours confirm that aligning local officials' incentives and accountability mechanisms with health goals can contribute to improved outcomes.
The remainder of the paper is organized as follows. The next section provides background on the China setting and our unique data. Section III describes our empirical strategy and results. Sections IV provides some robustness checks. Section V presents the welfare implications. Last, section VI discusses and concludes.
Setting and Data

Tongxiang and Primary Care Management
Our data comes from Tongxiang, a mostly rural county in Zhejiang province, eastern China. 7 As of the end of 2014, the population totaled 687,000 registered residents, of whom 415,000 were rural (agricultural) hukou residents and 272,000 were urban (non-agricultural) hukou residents. Tongxiang is one of the richest rural counties in China. As of 2015, the annual per capita income for rural hukou residents was 27,357 RMB
The administrative structure in China is such that a given county or municipality has jurisdiction over the surrounding rural areas and residents with agricultural hukou. Like most of rural China, Tongxiang county has provided universal health coverage for almost two decades through social health insurance programs with heavily subsidized premiums for the voluntary insurance program for rural residents (New Cooperative Medical Scheme) and urban residents not engaged in formal sector employment (Urban Residents Basic Medical Insurance), which have been merged since before our study period into a single "resident insurance" risk pool (jumin yibao). For more details about the insurance programs and their benefit structure, see the appendix A1 .
The Tongxiang primary care chronic-disease management project is one constituent part of the essential public health services program launched under broad guidelines as part of 2009 national health reforms.
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The primary care chronic-disease management project therefore also began in 2009 in Tongxiang county and expanded gradually over the years. Local public hospitals and the center for disease control collaborated in developing the program to screen and manage individuals with hypertension and type 2 diabetes(T2DM).
The first stages involved community-wide door-to-door canvassing and screening to identify existing chronicdisease patients and reduce under-diagnosis. Over time, newly diagnosed patients were identified and referred to the program after being diagnosed during a physical check-up or hospital visit. Once identified, all such patients were invited to enroll in the primary care management program; enrollment is voluntary, and patients were free to continue to access care through hospital outpatient departments without primary care management if they so desire. Those who chose to enroll in the program were assigned to a responsible physician, usually a physician employed at the local public grassroots clinic such as a village clinic or township health center. That doctor was required to meet with each assigned hypertension or diabetes patient quarterly at minimum, record vital stats, monitor blood pressure and blood glucose, and provide drug and lifestyle guidelines, with no extra costs to enrolled patients.
Financially, the program was funded by the government essential public health service (jiben gonggong weisheng fuwu) budget: 45 RMB (approximately 7.2 USD) per resident, which covers chronic-disease management and other public health programs. The budget was then assigned to the local township health centers, the employer of all physicians working in the surrounding grassroots clinics. The township health center required those primary care doctors to provide the management service to all patients enrolled in the program who resided in nearby villages. 9 The exchange rate between US dollars and Chinese RMB in this paper is set to 100 USD = 622.84 RMB, which is the exchange rate in 2015.
Source: National Bureau of Statistics of China: http://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A060J&sj=2017. Accessed on November 29 2018. Similar to other parts of Zhejiang province, Tongxiang participates in ongoing programs for skill upgrading and training for primary care providers. Moreover, the provincial CDC used national clinical guidelines to develop a hypertension treatment guideline in 2009 and a diabetes treatment guideline in 2012, and Tongxiang has adopted and disseminated these guidelines to their townships to implement in all the health centers.
In addition, Tongxiang's primary care physicians receive incentives on both extensive and intensive margins to encourage residents to enroll in the management program. Extensively, the chronic-disease management program together with other public health programs became a job requirement for their salaries from their employer, the public township health centers. Intensively, the administrator of the program, Tongxiang county CDC, also evaluates each township's performance and rewards each center both financially and reputationally. Since 2013, the Tongxiang CDC started to evaluate township health centers through reviewing and auditing performance. The two key indicators are how well each township meets the target for management rate (# patients managed /# possible patients) and the target for management quality rate (# patient who surpass management guidelines/# patients managed). The CDC randomly calls patients or their family members to confirm the above two indicators. The ranking results assigned to each township health center are disseminated within the public healthcare system as a reputational incentive. In addition, since 2014, the township health centers ranked among the top 3 overall and the bottom 3 overall have a 30% payment difference in the per-capita payments: 51 RMB per capita (top 3 towns) vs 39 RMB per capita (bottom 3); these overall rankings are based on each township health center's total performance score for all basic health services, with chronic-disease management accounting for 10% of the total score.
Data Description
The backbone of the project is the unique administrative data collected by Tongxiang and Zhejiang CDC-the database that links health insurance claims, primary care service logs, and basic health information for all residents. These three sets of data are rarely linked and analyzed in combination in China healthcare research. We focus on the agricultural hukou residents in this project.
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The medical claims for the study period 2011-2015 include all health insurance claims of individuals who enrolled in the chronic-disease management programs for hypertension or diabetes any time during the study period and all their health service logs under the management program.
12 Primary care service logs in 2015 detail every primary care service provided during every encounter between a doctor and a patient in either the hypertension or diabetes program. These encounters can take various forms including checkups by phone, home visits, and primary care visits to local clinics. The basic health information database collects demographic information of all residents as solicited by primary care doctors and nurses during community canvassing, screening and outreach programs, including each household member's age, gender, and educational attainment. recorded in medical claims (because they are funded through the CDC budget, not insurance, as discussed above); therefore, our linked claims and service log data provide a more comprehensive picture of primary care than any study that relies solely on medical claims. Multiple visits on one date will be considered a single visit. Inpatient utilization is measured by an indicator for whether a patient was admitted as an inpatient in that year. Days covered by hypertension and diabetics drugs are defined by using prescription information for the 3 most common drugs found in the insurance claims and dividing the total prescribed amount by usage. 14 The percentage of drug coverage is calculated as the covered days divided by the number of days in 2015 after the patient's 1st prescription date. These measures of medication adherence are only available for 2015, since the 2011 medical claims lack the prescription information needed for defining them.
Our analytic sample is restricted to agricultural hukou residents who were age 40+ in 2015 and were alive as of the end of 2014. We do not consider urban hukou residents because they have access to different jobs, housing, local public goods, and social protection policies throughout their lifetime. 13 The collection and analysis of this unique dataset was approved by Institutional Review Boards at both the Zhejiang Provincial CDC and Stanford University, and the data was de-identified prior to analysis.
14 The top 3 most frequently prescribed hypertension drugs in 2015 were hypertension Telmisartan, Irbesartan, and Amlodipine Besylate. The top 3 for diabetics were Gliclazide, Metformin Hydrochloride, and Repaglinide. We calculate the dosage of each prescription and divide by doctors' recommended usage if existed, or otherwise the average recommended usage for each drug to get the number of days covered. If the total covered days exceed 2015.12.31, only those in 2015 will be counted.
Tables 1 shows the summary statistics of our patient sample. There were 75,275 patients with hypertension over the age of 40 enrolled in the managed program possessing a rural hukou. As shown in Table   2 , these patients had an average age of 65.43 and 48% were male. The enrolled patient population of our sample is older than the average hypertensive in China ( 3 Empirical Strategy
Study Design
The research question we are interested in is whether rural primary care services are effective in managing chronic-disease patients. A direct analysis looking at patient outcomes and the intensity of management may not be appropriate due to patient selection and other confounding factors that co-determine a patient's decision to receive primary care management and her health outcomes.
To tackle the potential endogeneity problem, we utilize a boundary discontinuity approach. In Tongxiang, we may isolate the effects of chronic-disease treatment intensity on health outcomes.
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Of course, individuals who seek care in village clinics and the township health center may receive a range of primary care services beyond those specified in the chronic disease management program, including community outreach. A caveat is that the effects we find may reflect these other primary care services and need not be limited to the chronic-disease management program , although the latter was the largest policy change in Tongxiang during the study period. Figure 1 shows the 14 pairs of villages that we consider as neighboring villages. We identify them by restricting to villages of which the centroids are located within 2km of each other (according to Google
Maps) yet belong to different townships. We exclude pairs in which one village belongs to a traditionally rural township and the other belongs to an urban township.
To measure the intensity of primary care management, we proxy it by using management duration for an average patient. First, we estimate the following regressions for all managed patients in all townships:
16 Those with agricultural hukou have allocated land holdings in a given village within a given township both for living and farming, and rarely move except for marriage or migrating to urban areas for schooling or work. The vast majority of older individuals such as those in our sample remain resident in the same county and village over a lifetime. According to nationally representative data for 2010-11, the percentage of Chinese adults 45 and older who still reside in the same county in which they were born was 90 percent, with fully 58 percent of rural residents still residing in the same village in which they were born (Smith et al. 2013 ). Moreover, residents are unlikely to know much about the management intensity in neighboring townships since the rankings we discuss are not disseminated publicly but only among the primary care workforce. The validity of the study design requires discontinuity in management intensity. We perform the following steps to show the "jump" across township boundaries. We examine what factors of a township may determine the township-level management durations. Using observed characteristics, we estimate the following resident i level regression among all residents aged 40+:
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The regression results are displayed in Table 2 . Notice that the null results of age, gender, and education are not mechanical. When constructing characteristic-controlled management durationη i and thus l k , we only use the sample of enrolled patients. In equation (1), we use the age/gender/education characteristics of all residents in each township to measure township-level average characteristics rather than those of patients.
The only two variables that significantly explain township management duration are the number of physicians per capita who recruited and managed cases with hypertension and diabetes in each township, suggesting that the stock of local physicians significantly improves management intensity.
Other factors may also explain management intensity but are difficult to measure, such as the characteristics of local leaderships (i.e., who decided how many physicians to hire and allocate to chronic disease management in each year, for example). In appendix A2, we also find that perhaps reputational incentives from the rankings of primary care management of each township promote management intensity, although the results are only suggestive.
Main Regression
The main regression includes all patients living in the bordering villages and estimates a cross-sectional patient i level regression for each disease:
where y The identification assumption is that, within a village-pair boundary, no other unobserved factors affect a resident's average healthcare utilization in a high management intensity village compared to a low intensity village, other than the management program. A balance-check of resident characteristics will increase our confidence that such an assumption is valid. We specify the following individual-level regression among all residents living in the boundary villages in 2015: where X i includes education, age, and gender and we hope the characteristics are similar across villages within a boundary. Table 3 show the result of the balance checks. We see that resident education, gender, and age do not predict the rankings of hypertension and diabetes management intensity. Resident characteristics are balanced across villages within a village-pair, enhancing confidence in the validity of our geographic discontinuity study design.
In Table 4 , we estimate equation (1) for healthcare utilization in 2015. We observe four statistically significant results: a township with higher management intensity is associated with more primary care visits, fewer specialist visits, lower inpatient rates, and lower inpatient spending. Comparing a township ranked 1 st to one ranked 11 th , the differences in inpatient admissions among hypertension patients are about 0.0018 * 10 = 0.018, which is about 13% of the average inpatient admission rate among hypertension patients.
In Table A .1, we estimate equation (1) for healthcare utilization in 2011 as a placebo test since most of the patients were not yet managed or just managed for a very short amount of time. We observe no statistical differences in any of utilization measures with respect to ex-post management intensity. In Table A .2, we use the differences in health utilization between 2015 and 2011 as the dependent variable to capture changes in health that may underly these utilization changes. The general patterns still persist. A township with higher management intensity is associated with more primary care visits, fewer specialist visits, decrease in inpatient utilization, and decrease in total health expenditures, relative to a township with lower management intensity. These results suggest that primary care chronic-disease management in rural Tongxiang county reduces health spending and avoidable hospital admissions for ambulatory-care sensitive conditions such as hypertension and diabetes, indicating better health outcomes in terms of chronic disease control.
To understand potential mechanisms behind these findings, we gathered and coded data on medication adherence. For individuals with high blood pressure and diabetes, regular and consistent adherence to antihypertensive and anti-diabetic drugs can be crucial for preventing complications, yet individuals without salient symptoms often exhibit poor adherence. Improving medication adherence is therefore one primary mechanism through which primary care management can enhance health outcomes and reduce avoidable admissions for acute sequelae.
To test this hypothesis, we identified hypertension and diabetic drugs from the medical claims. We only focus on the three most common formulas in the data-Telmisartan, Irbesartan and Amlodipine for anti-hypertensive medication and Gliclazide, Metformin Hydrochloride, and Repaglinide for anti-diabetic medication. Table 4 
Robustness
We use a leave-1-out measure of township management intensity to mitigate the potential concern that unobserved differences in health demand of adjacent villages may explain the differences in township management duration. That is, for each village j in township k, we first calculate for each disease d,
that is, the leave-village-j out average of η we run the following regressions using the leave-j-out measures of management durations using all patients i residing in any of the 14 pairs of nearby villages:
The estimation results are very similar to those reported earlier and are displayed in Tables A.3 , A.4, and A.5.
Welfare implications
We undertake a back-of-the-envelope welfare calculation to understand the impacts of the chronic-disease management program.
Since the central government allocated fiscal funds of 45 RMB per capita in 2015 to support essential population health services, and 10% of the ranking score for those services is assigned to chronic-disease management, we assume that 10% of the 45 RMB per capita funding goes to chronic-disease management.
Since there were about 687k residents in Tongxiang county, the total cost of the program for one year is calculated as follows:
Our analyses imply that relative reduction in overall medical spending is one of the benefits of the program. Suppose the last-ranked township exhibits virtually no effect on spending, and the 6th-place township represents the average effect. Using the estimates from Table 4 , the cost saving in 2015 for the average effect is 14.5 * 6 = 87 RMB per hypertension patient. Thus, the benefit of managing 72,000
hypertension patients alone in 2015 would be
Benef it 2015 = 97 * 72k = 6.26 Million RMB.
This estimation of saved medical expenditures arguably represents a lower bound of the benefits of the program, as we have not considered any cost savings from managing diabetes nor the potential value of improving quality of life and survival for individuals with either or both chronic diseases we study.
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Our study contributes evidence on the potential for strengthened primary care to provide accessible, affordable, and decent quality management of common chronic diseases, thereby reducing use of specialist and inpatient services in China. Localities elsewhere in Zhejiang and other urban areas (such as Shanghai and Xiamen) have strengthened primary care over decades with some success, but there is little evidence of effective interventions in rural areas to date. We fill this gap with unique data for over 70,000 rural
Chinese suffering from either hypertension or diabetes and who have voluntarily enrolled in a primary care management program in southeast China. Our study design uses variation in management intensity generated by administrative and geographic boundaries-regression analyses based on 14 pairs of villages within two kilometers of each other but managed by different townships. Utilizing this plausibly exogenous variation, we find that patients residing in a village within a township with more intensive primary care management, compared to neighbors with less intensive management, had more primary care visits, fewer specialist visits, fewer hospital admissions, and lower inpatient spending. No such effects are evident in a placebo treatment year.
Exploring the mechanism, we find that patients with more intensive primary care management exhibited better drug adherence as measured by filled prescriptions. This is important, because non-adherence to anti-hypertensive and anti-diabetic medication regimens is a leading cause of preventable complications such as heart disease and stroke. Drug non-adherence-which includes missed doses, unfilled prescriptions, and other forms of under-utilization-is especially common for asymptomatic diseases, often associated with poor primary care, and can be improved with interventions (Conn et al. 2016 to individual-and team-based bonuses, these primary care initiatives strive to provide a balanced and transparent system of rewarding providers who deliver high value primary care to their community members.
Of course, some patients still prefer management by hospital-based physicians, and not all of the primary care targets specified by the monitoring systems align directly with what patients demand or value. Xiamen has developed a well-known team-based model that includes a health manager ("jiankang guanli shi") working with a general practitioner and any specialists the patients may need. Many localities are also experimenting with iphone apps to promote healthy lifestyles, self-management of chronic disease, or adherence to clinical recommendations. And many are thinking of ways to enrich the benefit package associated with signing up for the family doctor system, to attract patients into first-contact care at the primary care level. Such services include not only access to specialist referrals when needed but also easier prescription refills, homebased care for the disabled, and so on. Ultimately it will be important to assess whether such programs do achieve better convenience and lower cost without sacrificing quality of care, and especially to focus on rural areas, where the quality of primary care has been especially problematic.
Experiments with regional integration of primary care with hospitals into integrated care groups (such as Luohu district of Shenzhen in southern China) represent one mechanism to reinforce quality improvement in primary care with supply-side incentives (e.g. partial capitation payment to the integrated hospital and primary care group) to encourage patients to receive management in primary care. Future research on these integrated care experiments will reveal if they can complement NCD management in primary care
without suffering from problems of underprovision under capitation or market power from lack of provider competition.
In sum, this study provides empirical evidence of the causal effects of primary care for improving health outcomes as measured by avoidable hospitalizations and reducing total medical spending for patients with hypertension and diabetes. This evidence from a relatively high per capita income part of rural China suggests that further efforts to strengthen primary care hold considerable promise for improving the control of chronic disease in rural areas as China develops, and the quality, efficiency, and convenience of basic healthcare services in other LMICs as well. Further research employing geographic discontinuities could be valuable for assessing the ongoing efforts to improve the quality and accountability of primary care in disparate settings within China and other LMICs around the globe.
for their public health programs during 2014-2016. In the calculation of the final score, 10% is based on performance of the chronic-disease management program. At the township-year level, we consider the following township(k)-year(t) level panel regression:
where n kt is the rank of # newly managed chronic-disease (both hypertension and diabetic) patients per capita in each township in year t, the higher the better, to reflect current year effort. r kt is the rank of chronic-disease scores in the total score calculation, measured in the previous year, current year, and future year. Figure A. 2 plots the residuals of n kt against the residuals of r kt , controlling for χ k and Y t , the township and year fixed effects. As we can see, past year rankings negatively affect the current year effort-the worse a township does in the past year, the better they perform in the current year. The relationship diminishes when regressing current year effort on current year ranking or future year ranking, suggesting mean-reversion is perhaps not the driving force. These results suggestively indicate that perhaps past reputation affects a township's employees' effort. One should notice that these results are only suggestive due to the small number of observations and other possible confounding factors.
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